This work aimed to evaluate the effects of different individual heights of cut on structural characteristics of Brachiaria hibrida cv. Mulato I in four periods of the year. The study was carried out at the Fazenda Experimental Vale do Acaraú, in Sobral, Ceará, Brazil, from January to December, 2008. The experimental design was a split plot, with the plots representing four pasture conditions through manual cuts of 10 cm, 20 cm, 30 cm and 40 cm heights, which were done every 30 days. Each treatment had three replications. The subplots were represented by four periods of evaluation: January-February-March, April-May-June, July-August-September and October-November-December. Fertilization was performed with 350 kg of N/ha, divided into monthly applications. Irrigation was conducted in alternate days during the dry season. The variables studied were: mean height before cutting (cm); dry matter content (%); total dry matter production (t/ha); percentage of leaves; percentage of stems; percentage of dead material; leaf blade/stem ratios; number of total leaves per tiller; number of live leaves per tiller; average size of leaves; and tiller density. Cutting at 10 cm caused a decrease in total dry matter production, underestimating the potential production. Cutting heights between 20 and 30 cm contributed positively to increase the total number of leaves, number of green leaves, average size of the leafs and total dry matter production. Under the present experimental conditions, cutting around 40 cm was not recommended because of a decreasing in the leaf/stem ratio and a increasing in stem fraction and dry matter content, compromising the structure of the canopy.
Introduction
Native pastures are the main sources of food for ruminants in Northeast Brazil. Considering that animal feeding represents 70% to 80% of total costs [1] , it is justifiable to maximize the use of pastures. Their correct use allows the conversion of structural carbohydrates into proteins of high biological value at a relatively low cost.
Grasses from Brachiaria genus are the basis of animal production in the tropics, allowing extensive areas for livestock, including those being considered as marginal zones in the past doing to the low quality soils, which represent more than 40 million hectares in Brazil [2] .
The morphogenic variables determine the structural characteristics of pastures, and the most important are the number and size of leaves and tiller density [3] . Besides defining the leaf area index in the pasture, the structural characteristics present high correlation with the intake variables [4] , which constitute important factors for evaluation of pasture quality [5] .
According to [6] , the knowledge of morph physiological features of forage grasses represents the starting to the basic understanding of plant responses to cut or grazing. Therefore, it is indispensable a proper and deeper study on morphogenic and structural characteristics in integrated and differentiated manners for the main grasses of economic interest.
This work had it as objective to evaluate the effects of different heights of cuts, in four periods of the year, on structural characteristics of Brachiaria hibrida cv. Mulato I.
Material and Methods
The study was carried out at the Acaraú Valley Experiment Station, in Sobral, state of Ceará, Brazil, a physiographic zone known as "Sertão Cearense", located at 3˚42' South latitude, 40˚21' West longitude and altitude of 83 m. The experimental period lasted 12 months, from January to December, 2008 .
The soil in the experimental areas was aluvisoil ortocromic type, clayey texture, moderately drained and deep [7] , hyperxerophytic "caatinga" phase, flat and soft wavy terrain. Fertilization used was equivalent to 350 kg of N/ha/year, divided into monthly applications. Irrigation was used on alternate days during the dry period. The rainfall distribution during the experimental period is presented in Figure 1 . The temperature varied from 24˚C to 36˚C and relative humidity ranged from 55% to 68% during the period of study.
The experiment followed a split plot design, where the plots corresponded to four pasture conditions represented by heights of residues cuts of 10 cm, 20 cm, 30 cm and 40 cm after, which were conducted every 30-day. Each plot had three replications and the subplots were represented by four periods of evaluation consisting of quarterly averages (January-February-March, April-May-June, July-August-September and October-November-December). Thus, the test showed a total of 12 experimental units (4 treatments × 3 replications) × 4 periods, with a 2.0 m × 2.0 m area per unit. The total experimental area comprised about 96 m 2 The height of the pasture (treatments) was monitored through 20 readings by using a transparency, which was placed on the pasture and had its height above the ground measured with a ruler.
The evaluation of tiller density was performed independently of the demographic patterns of tillering. Iron frames of 1.00 m × 0.25 m (0.25 m 2 ) were used, and one above ground sample per plot was collected. Were also collected 20 tillers per plot (cut at soil level) for determination of the average tiller weight? The material was placed in plastic bags and stored in a cold chamber for further lab processing.
The samples from sampling frames, as well as the samples of tillers, were weighed and sub samples of 50 g were separated from each frame. After counting the number of tillers by sub-sample, each one was separated into fractions: leaf blades, stems and dead material. These fractions were weighed and brought to a forced ventilation oven to dry at 65˚C for 72 hours. After drying, the fractions were weighed and then calculated the dry matter content to determine dry matter production, the average weight of the tiller (harvested at ground level), percentages of leaf blade, stem and dead material, and the leaf blade/stems ratio.
Statistical analyzes were performed by using the general linear model procedure (GLM) and regression (REG) available in the Statistical Analysis System, version 8.9, considering as sources of variation the cutting heights and evaluation periods, which were analyzed by a F test at 5% probability. Since the height factor is quantitative, its effect was evaluated by regression analysis.
Results and Discussion
The average heights before cutting are shown in Table 1 . It was observed that the interaction between residue height and periods of evaluation was not significant (P > 0.05). This effect can be justified by the use of irrigation throughout the experimental period, minimizing the effects of the dry season and the rainy season within the established periods.
In general it was observed an increasing in height before cutting with the increasing residue height after cutting. It was observed a linear effect (P < 0.05) of residue heights over the heights before cutting, in the average of all studied periods, which is described by the equation Y mean = 1.019x + 8.555 (R 2 = 99.64%). In the 10 cm residue cut treatment it was observed an average growth of 9.66 cm every 30 days, whereas in the 40 cm treatment in the same period it was 12.09 cm, showing a 20% growth. According to [8] , forage plants cut to greater heights may retain larger amounts of photosynthetically active leaf tissues and may result in fewer cuts of apical meristems, becoming more vigorous during regrowth.
[9] pointed out that pasture height in pre-grazing as guide variable is useful to control grazing management in situations of intermittent defoliation if their values had been obtained from measurements of Leaf Area Index and the correspondents Light Trapping.
For dry matter content the interaction between the heights of residues and evaluation periods was not significant (P > 0.05) ( Table 2 ). However, significant differences (P < 0.05) were found for periods, with the average from October to December showing the highest content of dry matter. Despite irrigation, the warmer and dryer weather in this period in the region possibly influenced this variable. In this context, [10] mentioned that the highest values of cell wall constituents in the dry period support the effects, especially the high temperatures on forage composition. The average contents of dry matter, as a function of residue heights after cuts, were adapted to the linear regression model (P < 0.05) in the heights of residues tested as described by the equation Y mean = 0.0009x + 0.2617 (R 2 = 76.51%). As can be observed, the Mulato I grass increased its dry matter content as a function of residue heights. The dry matter content in forage plants is influenced by plant morphology and by genotype [11] . Thus, as the plant develops its morphology is altered, particularly by decreasing the leaf/stem ratio [12] . C4 grasses, which constitute the tropical grasslands, exhibit changes in their morphological and chemical characteristics, which are associated with development, physiological maturity and natural senescence, affecting quality and availability of forage as well as pasture structure, therefore influencing intake and animal performance [13] .
There was an interaction between height of residues x evaluation periods (P < 0.05) for total dry matter production ( Table 3 ). The period from January to March showed the highest average for total dry matter production (P < 0.05). This was due to the greater participation of the stems fraction during this period ( Table 4 ). The increased production of forage mass was possibly a result of the adopted management practices and from the different rates of growth the plant can present in different seasons due to changes in environmental factors.
The positive linear model was the best fit (P < 0.05) for average dry matter production as a function height of residues after cutting, which is described by the equation Y mean = 0.2223x + 0.48 (R 2 = 99.08%). Studies with grazing animal shave shown that lower heights reduce forage mass when continuous stockings [14] [15] or intermittent stockings [16] [17] are used.
According to [18] , any effect on leaf elongation rate affects the speed of leaf emergence, as well as the emergence of tillers and the consequent production of total dry matter. Among these factors is the height of cut. In forage plants that grow as clumps cuts close to the ground can eliminate much of the leaf area, besides destroying large number of apical meristems, which will result in lower regrowth and production.
It was observed the interaction height of post-harvest residues x periods of evaluation (P < 0.05) for percentage of leaves ( Table 5 ). For averages in the periods was observed an increase (P < 0.05) in participation of leaf blade fraction in the third and fourth evaluation periods, with higher values than the stem fractions. This increase occurred concomitantly with the decline in the total average production of dry matter and with the decreasing participation of tiller fractions in the same periods.
For the average of sheet fractions as a function of the height of residue after cutting, the regression showed a negative linear effect defined by the equation Y mean = 0.0062x + 0.6335 (R 2 = 94.27%). Possibly the lowest height of residue had controlled the elongation of stems, presenting a similar condition to that found by [19] when comparing two cutting heights (25 cm and 50 cm) under different grazing intensities. This author observed that the greater intensity of defoliation (25 cm) controlled the stretching of stems, suggesting a greater renewal of tissues under more severe cutting conditions. The mean percentage of stems changed with the evaluation periods ( Table 4) . Higher values (P < 0.05) occurred in the first period of evaluation. Thus, it was observed the opposite effect to the one presented by the leaf blade fraction. There was no interaction (P > 0.05) between cutting height of residues and evaluation period. According to [20] , the stem elongation constitutes a characteristic process in clump grasses, which acts by increasing total dry matter yield either by improving the distribution of the available radiation throughout the canopy, or due to its highest level of DM in older ages. The same authors reported that the process of stems elongation is favored by the attenuation of light inside the canopy as it grows, thus reducing the quality of forage produced.
The stem fractions responded of linear positive form for all evaluated heights (Y mean = 0.0053x + 0.2556; R 2 = 97.92%). This behavior can be explained by the increase of support structures (stems), which vary in direct proportion to the necessary force to support the leaves [21] . According to [22] , the stem fraction in tropical grasses, which is important for growth, can interfere in the canopy structure and in processes of competition for light.
The fraction of dead material showed no significant difference (P > 0.05) for the interaction height of residues x periods of the year and the averages. This effect was similar to that found by [15] with Tanzania grass (Panicum maximum Jacq.) under different heights of pasture management. The values for percentage of dead material are shown in Table 6 .
No effect (P > 0.05) was observed in the regression analysis of the dead material fraction as a function of residue heights, with an average value of 13.2%. Despite the increase in total dry matter production, the shading effect caused by the growth of Mulato grass equalized the percentage of dead material. According to [23] , reducing the accumulation of dead tissue due to shading, or even if there is no change, seems to be associated to a slow speed of development of plants grown under low light conditions, and also under a shaded microclimate where cool temperatures prevail, the relative humidity is slightly higher and there is a high moisture content in the soil.
There was no difference (P > 0.05) for the interaction height of residue × evaluation periods on the leaf blade/stem ratio ( Table 7) . However, it was observed an increase (P < 0.05) in the mean values of the leaf blade/stem ratios in relation to the periods of evaluation. The first evaluated period showed lower average than the other periods.
In agreement with the results for percentage of stems (Table 4) , the leaf/stem ration as a function of the residue height presented a negative quadratic effect to the mean (P < 0.01), according to the equation Y mean = 0.0014x 2 -0.1121x + 3.105 (R 2 = 99.72%). Therefore, the increase in the height of residue caused a decrease in the leaf blade/stem ratio in response to the concomitant increase in the stem fraction. According to [24] , in shorter intervals between cuts the pasture shows a higher blade/stem ratio. This higher proportion of leaves can be attributed to the shorter length of the stems under shorter intervals between cuts. The observed decrease in the leaf/stem ratios is explained by the increased length of the stems when increasing cutting intervals. Additionally, [21] reported that the largest leaf areas recorded in tillers from higher pastures are a direct consequence of the Coefficient of Variation (CV) = 5.65%; Capital letters followed by the same letter in the column do not differ (P > 0.05) by Tukey test. Tiny letters followed by the same letter in the line do not differ (P > 0.05) by Tukey test. imposed limits for this characteristic, i.e., the length of leaves had to adapt to reductions in canopy height by "shortening" their leaf blades. During the first evaluation period it was observed higher number of leaves per tiller (P < 0.05) ( Table 8) , with no difference (P > 0.05) among the remaining time periods and the interaction height of residues x period of evaluation on the total number of leaves per tiller. In this study, the average number of total leaves in the first evaluation period was influenced by the rainy season in the region, despite the use of irrigation in the remaining periods.
It was observed a positive linear effect, described by the equation Y mean = 0474x + 3.365 (R 2 = 95.06%) for mean number of total leaves per tiller as a function the height of residue after cutting. According to [25] , the number of leaves in a tiller is an important reference to the tillering potential because each axillary bud, associated to a generated leaf blade, can potentially generate a new tiller, and therefore can change the structural characteristics of forage.
In spite of differences in magnitude, the number of live leaves did not vary (P > 0.05) among the evaluation periods ( Table 9 ). There was also no significant effect of the interaction height of residue x evaluation period on the number of live leaves. [26] , in a study with Brachiaria decumbens, also found no effect of the average height on the number of live leaves per tiller. According to the authors, these results may be due to the fact that the number of leaves per tiller is genetically determined.
The evaluation on the number of green leaves per tiller as a function of the height of residues showed a linear positive effect (P < 0.01), as defined by the equation Y mean = 0.0384x + 3.205 (R 2 = 96.64%). [27] found a linear increase in the number of green leaves with increasing cutting heights (5, 10 and 20 cm). The authors also stated that the use of nitrogen fertilizer can simultaneously increase the total number of sheets, as well as the number of green leaves.
The mechanism of nitrogen action in prolonging the life of the sheet may be associated with the maintenance of a higher photosynthetic capacity for longer periods, without significant internal mobilization of N from older leaves. This behavior can be better understood if analyzed together with the process of leaves senescence [27] . Once established the senescence, much of the N is remobilized to the younger leaves and this mobilization can significantly contribute to the reduction of photosynthetic activity of older leaves [28] .
The use of higher residual heights (40 cm) increased the average size of the leaf in 45% as compared to the lowest residues (10 cm) ( Table 10) . It was observed a higher (P < 0.05) average length of the leaves in the first period, with no difference among the other periods. The heights of residues showed a linear increasing effect on the average size of the leaves, according to the equation Y mean = 3.1095x + 90.48 (R 2 = 98.11%). Thus, along with the stem fractions, this variable can be used to justify the total dry matter production in the highest cutting heights. These results are inferior to those found by [29] with Marandu grass at cutting heights of 10 cm and 20 cm, in which were found 21.44 cm and 25.51 cm, respectively. Also according to these authors, the longest leaf blades in higher cuts reflect the greater part to be covered by the sheet until it is expanded. [30] reported that the decreased length of the blade constitutes an effective way to reduce the leaf length.
The values obtained for tiller density (Table 11 ) showed no differences (P > 0.05) among the evaluation periods and for the interaction height of residue x evaluation periods. However, it was observed a tendency to decrease the number of tillers in treatments with fewer residues (10 to 20 cm cutting heights) when compared with the highest cutting treatment.
Similar values to those found in this study were reported by [29] in their work with Brachiaria brizantha, which were 651.22 and 747.52 tillers/m 2 to 10 and 20 cm cutting heights, respectively. Also in the present study were not found differences (P > 0.05) in tillering among the studied heights of residues. To [31] , defoliation influences tiller density, so that when the cuts are frequent there is a reduction in forage production in relation to less frequently defoliated plants, being tiller production more affected than the number of tillers per soil area. The results indicate the need of studying the structural characteristics together with the qualitative characteristics for a better understanding of this forage management.
